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Summary  
Knee articular cartilage samples obtained by arthroscopy from ten patients with well defined knee osteoarthritis (OA) 
were studied by light and transmission electron microscopy. The morphological phenotype of cells from fibrillated and 
non-fibrillated regions of OA cartilage was characterized. Three different cell sub-populations were identified. Type 1 
cells were found in the superficial and upper middle zones and comprised single chondrocytes and cells organized in 
aggregates or 'clones' that showed a typical chondrocyte phenotype. Type 2 cells displayed a secretory phenotype. Type 
3 cells comprised chondrocytes undergoing a degenerative process and were distributed throughout all zones of the 
cartilage. Changes in the cytoskeletal arrangement, presence of abundant filopodia, peripheral ocalization of 
centrioles, and presence of primary cilia were found in many chondrocytes suggesting that they are active motile cells. 
No mitotic figures were found in this study. Morphometrical nalysis was performed to determine the total number 
of cells and the number of chondrocytes per lacuna in the superficial and upper middle zones of fibrillated and 
non-fibrillated OA cartilage. There were no statistically significant differences in the total number of cells. In contrast, 
fibrillated OA cartilage contained a statistically significantly higher percentage of lacunae containing four of more 
chondrocytes than non-fibrillated OA cartilage samples. The absence of mitotic figures and the presence of motile 
elements in many chondrocytes raise the possibility that cell aggregates or 'clones' in damaged OA cartilage originate 
by an active process of cell migration rather than by cellular division. 
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Int roduct ion 
SOME ASPECTS of the cell biology of human 
ar t icu lar  cart i lage are still poorly understood,  
especial ly those related to the variabi l i ty in the 
cel lu lar  phenotype observed in this tissue. Further-  
more, the s t ructura l  and funct ional  character iz-  
at ion of chondrocytes from the different zones of 
normal  cart i lage has not been completely accom- 
plished. This knowledge is crucia l  to the study of 
the pathogenesis  of var ious chronic degenerative 
diseases that  affect th ist issue.  The first ultrastruc-  
tura l  descr ipt ion of chondrocytes from human 
art icu lar  cart i lage of young and aged individuals 
was presented by Weiss [1,2]. Subsequently, 
cart i lage from patients with typical  osteoarthr i t is  
(OA) was studied [3, 4]. The existence of dist inct 
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cell populat ions in OA cart i lage was associated 
with the mechanisms of cart i lage destruct ion in 
this disease [5]. Other  studies have descr ibed the 
l ight microscopic morphologica l  features of  human 
OA cart i lage in var ious stages of degenerat ion [6, 7] 
and have emphasized the presence of 'clones' or 
aggregates of chondrocytes.  Fur thermore,  it has 
been suggested that  among the cell subpopulat ions 
found in degenerated OA carti lage, those organized 
in cell aggregates or 'clones' appear to play an 
important  role in the pathogenesis of this disease. 
Here, we describe the u l t rast ructura l  character-  
istics of chondrocyte  subpopulat ions from knee 
cart i lage of pat ients with well defined cl inical 
character ist ics  of OA, emphasizing the specific 
morphological  features of cells which are orga- 
nized in aggregates or 'clones', and of cells located 
in the middle and deep zones of the tissue. 
Materials and methods  
Samples of cart i lage were removed dur ing 
ar throscopy performed for therapeut ic  indicat ions 
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Table I. 
Clinical and radiographic features of OA patients tudied 
Joint motion Decreased Joint Functional Radiographic 
Patient Age Sex Pain* limitation* strength* instability* limitation* changes~ 
1 52 F 2+ 1+ 1+ 1+ 1+ 2+ 
2 68 M 3+ 2+ 2+ 2+ 2+ 2+ 
3 57 F 2+ 1+ 1+ 1+ 1+ 1+ 
4 49 F 1+ 1+ 1+ 1+ 2+ 2+ 
5 50 F 2+ 1+ 2+ 1+ 2+ 2+ 
6 59 F 3+ 2+ 2+ 1+ 1+ 2+ 
7 63 F 2+ 1+ 1+ 1+ 2+ 1+ 
8 69 M 2+ 2+ 2+ 1+ 2+ 1+ 
*Severity of symptoms: 0: none; 1+: mild; 2+: moderate; 3+: severe. 
tRadiographic changes: 0: normal; 1+: less than 50% loss of articular space; 2+: 50 to 
of articular space. 
90% loss of articular space; 3+: complete loss 
approved by the appropriate Institutional Commit- 
tee on Medical Ethics from the knee of eight 
patients diagnosed of OA. Only patients with 
characteristic clinical and radiologic features of 
OA were included in the study. Patients were 
excluded if they presented any evidence of 
inflammatory arthropathy. A variety of subjective 
and objective clinical parameters were assessed 
including pain, joint motion limitation, decreased 
quadriceps muscle strength, joint instability, varus 
or valgus deformities, and functional imitation. 
These parameters were graded according to their 
severity (0: none; 1+: mild; 2+: moderate; 3+: 
severe). In all patients, the erythrocyte sedimen- 
tation rate was normal, assays for serum rheuma- 
toid factor were negative, and analyses of synovial 
fluid showed less than 1000 cells/rolL Radiological 
examination of the knees was performed in the 
standing position and the seve~:ity of articular 
space narrowing was scored on a semiquantitative 
scale (0: no narrowing; 1+: less than 50% loss of 
articular space; 2+: from 50 to 90% loss of articular 
space; 3+: complete loss of articular space; 4+: 
total collapse of articular surface). The relevant 
clinical and radiographic features of these patients 
are summarized in Table I. 
One fragment of approximately 5x3 mm was 
removed from each patient. The fragment was 
divided into two segments. One segment, coded 
OA-F (osteoarthritis-fibrillated), included the ul- 
cerated and the edge of the damaged cartilage; the 
other, coded OA-NF (osteoarthritis-non-fibrillated) 
was from an arthroscopically and grossly normal 
region of the sample slightly at a distance from the 
edge of the damaged cartilage. In addition, 
cartilage from two non-OA patients with knee pain 
that required arthroscopy for diagnostic purposes 
but whose cartilage was normal upon detailed 
arthroscopic examination were also included; these 
samples were coded CC (control cases) and were 
obtained from the same anatomical regions as 
those from OA cases. 
LIGHT MICROSCOPY AND ULTRASTRUCTURAL STUDIES 
All cartilage samples were fixed for 3 h at 4°C 
in 5% glutaraldehyde, 0.1M cacodylate buffer 
and post-fixed for 2 h in 2% osmium tetroxide. 
Dehydration was carried out with gradually 
increasing concentrations of acetone. Resin 
infiltration was accomplished with a mixture  of 
Spurr/acetone and the samples were embedded in 
pure Spurr. Polymerization was accomplished at 
70°C for 24 h. For light microscopy, thick sections 
(0.5-1 #m) were stained with toluidine blue. For 
electron microscopy ultrathin sections were ob- 
tained with an ultramicrotome (LKB Ultratome 
III) and mounted on 100-mesh or one-hole grids, 
stained with uranyl acetate and lead citrate, and 
examined by transmission electron microscopy 
(Hitachi H-7000). The samples were carefully 
oriented in order to obtain thick and thin sections 
that were parallel or perpendicular to the surface 
of the cartilage. This procedure permitted to 
identify the different zones of the tissue. 
MORPHOMETRY 
Because one of the distinguishing character- 
istics of cartilage from OA patients is the presence 
of aggregates of chondrocytes in the superficial 
and upper middle zones, we employed morphomet- 
rical assessment to determine whether these cell 
aggregates were originated by the confluence of 
migrating chondrocytes or by local cellular 
proliferation. For this purpose, representative 
samples from the eight OA cases, including the 
fibrillated (OA-F) and the non-fibrillated (OA-NF) 
regions, were studied. Several sections containing 
the superficial and upper middle zones were 
Osteoarthr i t i s  and Carti lage Vol. 4 No. 2 113 
stained with toluidine blue and observed with a 
light microscope. The number of chondrocytes 
within the lacunae (either as single cells or 
forming aggregates) and the total number of cells 
per area were quantitated from three different 
sites. The quantitation was achieved employing a
program for cartilage morphometric analysis 
developed in our laboratory (DIGIPAT) and 
distributed by ECISOFT Co. (Havana, Cuba). The 
system includes a video-camera coupled to a Carl 
Zeiss microscope and a 486 DX computer. The 
percentage of lacunae with one or more cells (up to 
12 cells) and the total number of cells per unit of 
area were compared in OA-F and OA-NF samples. 
The Wilcoxon signed-rank test for paired samples 
and the unpaired Student's t-test were employed for 
determination of the statistical significance of the 
values obtained. 
Resu l ts  
One characteristic morphological feature of 
normal and OA cartilage was the presence of 
Table H. 
Predominant morphologic phenotype of chondrocyte 
sub-populations with their cell phenotype and their 
occurrence in the various cartilage samples 
Subpopulation Cell phenotype Cartilage samples 
Type 1 Normal OA-NF, CC 
'Clonal' OA-F 
Type 2 Secretory 2a OA-F, OA-NF, CC 
Secretory 2b OA-F, OA-NF, CC 
Type 3 Degenerative OA-F, OA-NF, CC 
OA-F: Osteoarthritic fibrillated cartilage 
OA-NF: Osteoarthritic non-fibrillated cartilage 
CC: Cartilage from non-osteoarthritic control 
Table HI. 
Location of the different ypes of chondrocytes in
OA-NF and OA-F cartilage in relation to the zone of 
cartilage examined 
Zones Predominant Other cells 
Superficial Type 1 Type 2a Type 3 
Middle Type 2a Type 1" Type 3 
Deep Type 2b Type 2a Type 3 
The predominant cellular phenotype and the presence of less 
abundant cells was assessed in multiple samples. *No elongated 
Type 1 chondrocytes were found in the middle zone of the tissue. 
chondrocytes with variable morphologic phenotype 
which depended upon their location within each 
of the three zones of the tissue (superficial, 
middle and deep zones). Three different cell sub- 
populations were identified (Tables H, HI, and IV). 
CELL SUBPOPULATION TYPE 1 
This group of chondrocytes were localized in the 
superficial and upper middle zone of cartilage and 
comprise cells with three different phenotypes. 
Two types of cells had the appearance of 'normal' 
chondrocytes. The cells in the superficial zone were 
elongated, contained multiple filopodia on their 
surface, and had a large euchromatic nucleus with 
several nuclear pores, and abundant perinuclear 
filaments in the cytoplasm [Fig. l(a)]. The cells 
from the upper middle zone tended to be rounded 
with more abundant perinuclear filaments 
[Fig. l(b)]. Cells with either of these two 
phenotypes were the most frequently observed cells 
in the samples coded OA-NF and CC. The third 
phenotype was represented by cells forming 
aggregates or 'clones'. These cells were always seen 
under the fibrillated surface of OA cartilage (OA-F) 
Table IV. 
Specific morphologic characteristics and predominant tissue location of chondrocyte subpopulations 
Subpopulation Cell phenotype Tissue location Specific characteristic 
Type 1 Normal Superficial zone Elongated shape, perinuclear filaments. 
Upper-middle zone Rounded shape, abundant perinuclear 
filaments. 
Rounded shape, large size, segregated cyto- 
plasm, disrupted filaments. Presence of centri- 
ole and primary cilia in the periphery of the 
'Clonal' Superficial and upper-middle. " 
zone 
Type 2 Secretory 2a Middle zone 
Type 3 
Secretory 2b 
Degenerative 
Only in the deep zone 
All zones 
cell. 
Irregular shape, prominent RER and Golgi 
complex, abundant intracytoplasm vacuoles. 
Presence of cilia and centriole in the 
periphery of the cells. 
Irregular shape, enlarged RER, no Golgi 
complex. 
Varying degree of degeneration. Picnotic 
nucleus and dense cytosol, dilated nuclear 
envelope. Detachment of the cytoplasm from 
the nucleus in some cells. 
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• FIG. 1.--Caption opposite, 
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FIG. 2. (a) Light microscopy of a sample from the fibrillated zone of OA cartilage (OA-F). A typical aggregate or 'clone' 
with nine cells within a large lacuna showing euchromatic nucleus (N) and cytoplasm with clear (c) and dense (d) zones. 
Magnification: ×1150. Bar = 10 #m. (b) Low magnification electron micrograph of cells from an aggregate or 'clone'. The 
resemblance of these cells to the cells shown above in Fig. 1 is evident. Euchromatic nucleus (N) and cytoplasm with 
clear (c) and dense (d) zones within a large lacunae (L) is seen. x2000. Bar = 10 #m. 
FIG. 1. (a) Normal chondrocytes of the superficial zone of a sample from OA-NE The nuclei (N) is elongated, euchromatic, 
and with prominent nuclear pores (arrowheads). The cytoplasm contains perinuclear bundles of filaments (f) and 
lysosome-like granules (L). The plasma membrane shows filopodia (arrows). Magnification: ×10 500. Bar = 1 #m. (b) 
Normal chondrocytes from the middle zone of a sample from OA-NF. Euchromatic (N1) and condensed heterochromatic 
nucleus (N2) with nuclear pores (arrowheads) are seen. The cytoplasm contains perinuclear bundles of filaments (f), 
rough endoplasmic reticulum (RER), vacuoles (V), and mitochondria (m). Magnification: x4000. Bar = 1 #m. 
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and were present in samples from seven of the 
eight patients studied. These cells displayed a 
common phenotype characterized by a large size 
and a rounded shape, and by the presence of one 
large euchromatic nucleus, although, occasion- 
ally, two nuclei were found in these cells. Their 
cytoplasms displayed prominent clear areas sur- 
rounding the nucleus and areas of dense material 
toward the periphery of the cells [Figs 2(a) and 
(b)]. At h igher  magnifications, the clear peri- 
nuclear areas of the cytoplasm were shown to 
contain large bundles of filaments of 10-15 nm in 
diameter (Figs 3 and 4), sometimes organized in a 
swirled arrangement (Fig. 5). In addition, there 
were extensive areas of the cytoplasm containing 
small particles forming a mesh-like pattern [Figs 3 
and 4(a)]. When the filaments Were found assem- 
bled in long bundles, the mesh-like particles were 
scarcely seen and vice versa. The dense regions at 
the periphery of the cells contained all the 
organelles typical of these cells, including mito- 
chondria, rough endoplasmic reticulum (RER), 
Golgi complex, secretory vacuoles and granules 
with lysosomal appearance (Figs 3 and 4). An 
interesting finding was the presence of centrioles 
and primary cilia in the periphery of some of these 
cells [Figs 6(a) and (b)]. Occasionally, single 
'non-clone'-forming chondrocytes with this mor- 
phologic phenotype were observed in the super- 
ficial and middle zones of the OA-F cartilage. 
These cells had abundant filopodia: Furthermore, 
there were few 'clones' constituted by cells of a 
different phenotype to the ones described above 
(Fig. 7). 
The results of morphometric measurements that 
quantified the  total number of cells per area 
examined and the percentage of lacunae with one, 
two, three or four cells within each lacuna in 
samples from the superficial and upper-middle 
zones of the cartilage from smmples OA-F and 
OA-NF are shown in Table V and Fig. 13, 
respectively. These results showed no statistically 
significant differences between the total number of 
cells per area studied between fibrillated (OA-F) 
and non-fibrillated (OA-NF) OA cartilage (P = 0.22). 
However, there was a statistically significant 
difference in the proportion of lacunae containing 
only one cell. Approximately 80% of lacunae from 
OA-NF samples contained only one cell compared 
with 48% in samples from OA-F (P < 0.05). Samples 
FIG. 3. High magnification of a chondrocyte from an aggregate or 'clone' from a sample of OA-F cartilage. The clear 
zone of the cytoplasm contains carce perinuclear patches of filaments (f) and abundant particles (p). In the periphery 
of the cell a dense zone with several organelles i observed (arrowheads). The nucleus (N) is in a condensed form with 
visible nuclear pores. Magnification: ×8000. Bar = 1 #m. 
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FIG. 4. Chondrocyte of an aggregate or 'c lone' from OA-F carti lage. Note that the c lear zone of the cytoplasm is occupied 
with patches of f i laments of 10-13 nm diameter  (f) and small  part ic les (p). The dense zones contain mitochondr ia  (M), 
rough endoplasmic ret icu lum (RER), Golgi complex (G), secretory vacuoles (V), secretory vesicles (v), and lysosome-l ike 
granules (L). A condensed nucleus (N) is shown. Magnif ication: x9500. Bar = 1 ttm. Inset: high magnif icat ion of the 
mesh-like arrangement of the part ic les from the clear zones of the cytoplasm. Magnif ication: x21 500. Bar = 1 pro. 
FIG. 5. Cytoplasm of a chondrocyte from an aggregate or 'c lone' from OA-F carti lage. F i laments of 10-15 nm in diameter 
(f) in a swirled arrangement are seen. Magnif ication: x16 000. Bar = 1 pm. 
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FIG. 6. (a) Cross section of a centriole (c) located in the periphery of a chondrocyte from the superficial zone of the 
cartilage. Magnification: ×56 000. Bar=0.1 ttm. (b) Cilium (C) and basal bodies (bb) from a chondrocyte of the 
upper-middle zone of the cartilage from a sample of OA-F cartilage. Magnification: ×25 000. Bar = 1 ttm. 
of fibrillated cartilage (OA-F) contained a higher 
proportion of lacunae with two, three, or four cells 
with a statistically significantly higher proportion 
of lacunae with four or more cells than in OA-NF 
samples (P = 0.041). Moreover, aggregates or 
'clones' with five or more cells (up to 12 cells in one 
sample) were only seen in samples from fibrillated 
cartilage (OA-F). 
CELL SUBPOPULATION TYPE 2 
Although chondrocytes from this group were 
characterized by a typical phenotype of secretory 
cells, two different ypes could be distinguished 
(types 2a and 2b). Type 2a chondrocytes were 
irregular in shape and smaller than type 1 cells. 
Their cytoplasm stained intensely with toluidine 
blue and was very osmiophilic. The RER and Golgi 
complex were prominent and contained an amor- 
phous material. Certain chondrocytes had primary 
cilia and centrioles located in the periphery of the 
cell (Fig. 8). Some cells presented large bundles of 
filaments with a diameter of 8-12 nm close to the 
nucleus (Fig. 9). The amount of filopodia in these 
cells was relatively scanty. Type 2a cells were 
distributed throughout he entire depth of the 
tissue, although they were more frequently seen in 
the middle zone. These cells were rarely found in 
the cell aggregates or 'clones', were more abundant 
in samples from non-fibrillated cartilage (OA-NF) 
than in samples from non-OA control cases (CC), 
and were present in OA-F samples from seven of the 
eight patients. 
Type 2b cells, were characterized bythe presence 
of enlarged endoplasmic reticulum cisternae, 
abundant secretory vacuoles, and vesicles contain- 
ing a fine granular material. The cytosol was 
very osmiophilic and also displayed packages of 
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FIG. 7. Chondrocyte from an aggregate or 'clone' with a different morphological phenotype. The heterochromatic 
condensed nucleus (N) with nuclear pores can be seen. The cytoplasm does not have the particles hown above in Fig. 4. 
Instead, perinuclear bundles of filaments (f), mitochondriae (m), and lysosome-like granules (L) are seen. Magnification: 
x5000. Bar = 1 #m. 
filaments (8-12 nm in diameter). The nucleus was 
very picnotic and dark preventing its distinction 
from the rest of the cytoplasm [Figs 10(a), (b) and 
(c)]. The plasma membrane showed numerous 
filopodia with a drumstick appearance, and 
abundant cytoplasmic vesicles budding away from 
the cell into the surrounding extracellular matrix. 
These vesicles were similar to those described as 
matrix vesicles in early intramembranous ssifica- 
tion [8]. NO peripheral centrioles nor primary cilia 
were observed in these cells. Type 2b cells were 
almost exclusively found in the deep zone of the 
cartilage and were present in the three types of 
samples (OA-F, OA-NF and CC). 
CELL SUBPOPULATION TYPE 3 
This subpopulation comprised chondrocytes in 
various stages of degeneration that, in some 
aspects, resembled type 2a chondrocytes [Figs l l(a) 
and (b)]. Only occasionally they formed part of the 
cell aggregates or 'clones'. Some of these chondro- 
cytes were found in an advanced egenerative stage 
with detachment of the cytoplasm from the 
nucleus, irregular nuclear contour and eventual 
loss of cellular integrity [Figs 12(a) and (b)]. Type 
3 cells were distributed throughout he entire 
depth of the tissue in all the samples analyzed, 
although they were more abundant in the 
fibrillated OA (OA-F) cartilage. 
Table V. 
Total number of chondrocytes from the superficial and 
upper-middle zone of the cartilage in samples OA-F 
and OA-NF 
Samples Means* S.D. Minimum Maximum N 
OA-F 57.08 29.34 30.75 107.50 6 
OA-NF 35.97 10.86 23.70 53.50 5 
The numbers of chondrocytes were determined by morpho- 
metric analysis as described in Materials and Methods. 
*Wilcoxon signed-rank test and umpaired Student's t-test did 
not show significant differences among the two groups 
(P = 0.22). 
Discuss ion  
The light and electron microscopy analysis of 
well oriented and preserved samples of fresh 
cartilage taken from patients with well-defined 
clinical characteristics of OA permitted the 
identificati6n of three distinct chondrocyte sub- 
populations. The phenotypic separation of these 
three subpopulations was based on the morpho- 
logic characteristics of the cells and on their 
pattern of distribution through the tissue. This 
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FIG. 8. Cil ium (C) and its basal  body (bb) from a chondrocyte of the middle zone of the cart i lage from OA-F. The cell 
shows a nucleus (N) with a prominent  nucleolus (Nu), the cytoplasm is occupied by di lated RER and numerous vacuoles. 
The plasma membrane is very i r regular  with abundant f i lopodia (arrowheads). Magnif ication: x24 000. Bar  = 2.4 ttm. 
FIG. 9. Per inuclear f i laments (f) of 8-12 nm diameter arranged in a patch-l ike array from a middle zone chondrocyte 
from OA-F carti lage. The cytosol shows difuse electron- lucent amorphous mater ia l  (arrowheads). The nucleus is seen 
at the bottom of the micrograph (N). Magnif ication: x19 200. Bar = 0.19 #m. 
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FIG. 10. Cells from the deep zone of the OA-F cartilage. (a) Light microscopy of a thick section showing several type 
2b chondrocytes with different shapes. The nuclei are very picnotic (N), the cytoplasms are clear and the plasma 
membranes show abundant thin filopodia (arrows). Small granules (g) within the lacunae surrounding the cells and 
in the extracellular matrix are seen. Magnification: x1968. Bar=0.19ttm. (b) Electron micrograph of a type 2b 
chondrocyte. Notice the picnotic nucleus (N) and the cytoplasm with abundant dilated RER cisternea containing an 
amorphous material. The surface of the cell is occupied by drumstick-like filopodia (arrows). Some vacuoles and 
cytoplasmic vesicles (cv) are also seen within the lacuna and in the adjacent extracellular matrix. These vesicles 
probably are similar to the small granules shown in (a) (above). Magnification: x9000. Bar= 0.9 #m. (c) Type 2b 
phenotype chondrocyte with a large picnotic nucleus (N), dilated RER cisternea nd multiple vacuoles (V) containing 
an amorphous material. The plasma membrane shows abundant drumstick-like filopodia (arrow heads) and cytoplasmic 
vesicles (cv) are seen within the lacuna. Magnification: xll  200. Bar = 1.12 pm. 
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FIG. 11. (a) Light microscopy of a degenerated chondrocyte from the middle zone of OA-F cartilage. A picnotic nucleus 
(N), and numerous vacuoles within the cytoplasm are seen (arrows). Magnification: ×1968. Bar = 0.19 pm. (b) Electron 
micrograph of a degenerated chondrocyte. The picnotic nucleus (N) with the nuclear envelope separated from the 
cytoplasm (arrowheads) is shown. The cytoplasm contains numerous vacuoles (V) and an osmiophilic cytosol. 
Magnification: ×6400. Bar = 0.64 ttm. 
morphological classification, however, may also 
relate to functional differences between the cells in 
each category. For example, it is possible that the 
cells located in the superficial and upper-middle 
zones of the tissue may be more related to the 
process of 'clone' formation, whereas, the cells 
with a secretory pattern may be responsible for 
remodeling or repair of the extracellular matrix 
and the degenerated chondrocytes represent he 
final outcome of the degenerative process. Chon- 
drocytes organized in aggregates or 'clones' 
exhibited a common cell phenotype that differs 
from previous descriptions of these cells [3, 4]. For 
instance,  it was stated previously that cells from 
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FIG. 12. (a) Chondrocyte in an advanced stage of degeneration showing loss of cellular integrity. The cytoplasm (Cy) 
appears to be detached from the nucleus. The nucleus is very irregular (N). Magnification: x15 000. Bar = 1.5/~m. (b) 
Chondrocyte debris (arrowheads) within a lacuna where a type 2a chondrocyte (Ch) is seen. Magnification: x8000. 
Bar = 0.8/lm. 
these 'clones' were in a degenerative stage, rather 
than being in a metabolically active phase. In 
contrast, our observations uggest that, most 
frequently, the cells found in these 'clones' 
appeared to be metabolically active and displayed 
evidence of an active process of cytoplasmic 
organization. For example, we found assembly and 
arrangement of the cytoskeleton, topographic 
segregation ofcertain cell organelles, and presence 
of abundant mitochondria nd RER in these cells. 
These observations are in agreement with other 
studies showing that the cells organized in 'clones' 
incorporated more 3H-thymidine than other cells 
from the superficial zone of OA carti lage [9] 
indicating their active DNA synthesis which may 
also be a reflection of their increased metabolism. 
124 Kouri et  a l . :  Ultrastructural phenotype of OA chondrocytes 
90 
80 • 
70 
6o 
50 
40 
30 
10 
0 - 
1 2 3 4 
Cell number/lacuna 
FIG. 13. Percentage of lacunae according to the number. 
of chondrocytes in each lacuna in samples from OA-F ([:]) 
and OA-NF ([]) cartilage. Wilcoxon signed-rank test and 
Student's t-test were applied. Each bar represents the 
mean __ the standard deviation of the percentage of 
lacunae with one to four chondrocytes. *The statistical 
analyses indicated that there were more lacunae with 
one chondrocyte in samples from OA-NF than in samples 
from OA-F *(P < 0.05) and there were more lacunae with 
four chondrocytes in samples from OA-F than in samples 
from OA-NF (P= 0.041). Lacunae with more than four 
chondrocytes were only seen in samples from OA-F. 
Of particular interest was our observation that 
the cytoplasmic particles which became organized 
in a mesh-like pattern were always present in those 
cells in which the bundles of filaments were absent. 
Thus, it appears that these cells were undergoing 
a dynamic process of polymerization and depoly- 
merization of cytoskeletal e ements. The process of 
rearrangement of the chondrocyte cytoskeleton 
seems to play an important role in the chondro- 
genic activity of the cartilage [10]. The presence of 
filaments with a diameter of 8-15 nm in types 1 and 
2 chondrocytes suggests that such structures might 
correspond to intermediate filaments, however, 
these filaments hould be characterized further for 
a precise identification of their nature. In favor of 
this suggestion are the observations that f-actin 
[11] and vimentin [12] form part of the cytoskeleton 
of embryonic hick chondrocytes. 
Another interesting observation was the identifi- 
cation of centrioles localized in the periphery of 
the cells as well as in close association with cilia. 
In a previous report, Weiss [4] described the 
presence of centrioles in chondrocytes, although it 
was suggested that they were related to the process 
of cell division. In the present study, we were 
unable to detect any mitotic figures, although cells 
with two nuclei and two or more cells in the same 
lacunae were often found. These observations are 
in agreement with the notion that mitosis is a rare 
event in mature cartilage. However, mitosis has 
been detected in chondrocytes from cartilage from 
mature and immature rabbits subjected to exper- 
imental conditions designed to induce degenerative 
changes in cartilage [13-17], in bovine articular 
explants [18], and in human OA cartilage [19, 20]. 
In these studies, it was assumed that cell mitosis 
had occurred based on the incorporation of 
3H-thymidine or on the presence of two labeled 
nuclei within the same lacuna [18]. However, the 
limitations of incorporation of 3H-thymidine as a 
probe of cel l  proliferation have been recognized 
[21]. The determination of whether or not the 
chondrocyte aggregates or 'clones' originate by cell 
proliferation is an important aspect of cartilage 
biology that needs to be clarified. Even though the 
absence of mitotic figures, alone is not definitive 
proof of the lack of cellular proliferation the 
alternative xplanation that chondrocytes might 
form aggregates by active cell migration eeds to be 
considered. The presence of abundant filopodia and 
primary cilia as motile structures of chondrocytes 
support this notion and render it an attractive 
possibility. Primary cilium has been described in 
motile cells such as leukocytes, fibroblasts, and 
epithelial and embryonic cells [22]. The com- 
parative morphometric measurements of the total 
number of cells per area found in samples from 
fibrillated and non-fibrillated OA cartilage suggest 
that cells from the 'clones' originated by other 
mechanisms rather than by cell proliferation since 
no statistically significant differences were found 
between both samples. Moreover, the proportion of 
lacunae with four or more cells was higher in the 
fibrillated region of the OA cartilage (OA-F) than 
in the non-fibrillated (OA-NF) region suggesting 
cell migration rather than proliferation, as this 
latter mechanism would be expected to be more 
pronounced in the early stages of cartilage 
degeneration (OA-NF). 
Type 2b secretory chondrocytes, located only in 
the deep zone of the articular cartilage, differed 
morphologically from hypertrophic h0ndrocytes 
described in the deep zone of the epiphyseal plate 
[23], in the condylo-mandibular cartilage from 
growing rats [24], and in embryonic ells from tibia 
[25]. Previous descriptions of the  ultrastructural 
characteristics of cells found in the deep zone of 
the human articular cartilage [1-4] also differ from 
the characteristics of the type 2b cells described 
here. Previous studies concluded that the features 
of the cells from this zone indicated that they were 
undergoing a process of degeneration. However, the 
results presented here indicate that a substantial 
proportion of cells in the deep zone of cartilage are 
structurally intact and display a secretory pheno- 
type including the presence of secretory vesicles. 
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The function of these cells deserves further study, 
particularly regarding the significance of budding 
of cytoplasmic-vesicles into the extracel lular 
matrix. Further characterization f these cells and 
of the associated process of vesicle formation and 
release may provide valuable clues to our under- 
standing of the intimate mechanisms involved in 
art icular cartilage damage that occurs in OA. 
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